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) Physics Goals

Primary Goal:
A search for exotic sources of CP violation in hyperon decays.

Secondary Goals:
» Search for rare and forbidden hyperon and charged kaon decays:
e Lepton number nonconservation in= —> pu u-
 Flavor changing neutral currents in hyperon and charged kaon decays:
K" = 7 prp and =5 — p"urp- and Q decays

» Measure various hyperon production and decay properties:
* Hyperon production cross sections
« Hyperon polarization
» Measurements of 3 decay parameter
* Measurements of o decay parameter



e Why Search For CP Violation In
Hyperon Decay?

= After 40 years of intense experimental effort and many beautiful experiments we still
know little about CP violation: the origin of CP violation remains unknown and there
is little hard evidence that it is fully explained by the Standard Model.

= CP violation is too important, and experimental evidence is too meager, not to examine
every possible manifestation of the effect.

= Hyperons are sensitive to sources of CP violation that are not probed in other systems.
= These sources are thought to be experimentally accessible.

= The price was modest:
* No new accelerator needed.
» Apparatus was modest in scope and cost.

= Beyond-the-standard-model physics almost invariably predicts large new sources of CP
violation.

“We are willing to stake our reputation on the prediction
that dedicated and comprehensive studies of CP violation
will reveal the presence of New Physics."

Bigi and Sanda, CP Violation



=l HyperCP Collaboration

[V ETLER

J. Felix
Universidad de Guanajuato, Mexico

C. James and J. Volk
Fermilab

;:.1 I.'II: 'l,. IIlII

1_ T T _‘_'_‘—_-_' e
.F.*JHEEIT RATHBUN WILSGN Al T

N. Leros and J.-P. Perroud
Universite de Lausanne, Switzerland

M. Jenkins and K. Clark
University of South Alabama

A. Chan, Y.C. Chen, C. Ho, and P.K. Teng
Academia Sinica, Taiwan

H.R. Gustafson, M.J. Longo, F. Lopez, H. Park
University of Michigan

W.S. Choong, Y. Fu, G. Gidal, P. Gu, T. Jones, K.B. Luk, B. Turko, and P. Zyla
Lawrence Berkeley Lab and University of California, Berkeley

E.C. Dukes, C. Durandet, R. Godang, T. Holmstrom, M. Huang, L.C. Lu, and K.S. Nelson
University of Virginia

R.A. Burnstein, A. Chakravorty, D.M. Kaplan, L.M. Lederman, W. Luebke, D. Rajaram, H.A. Rubin,

N. Solomey, Y. Torun, C.G. White, and S.L. White
lllinois Institute of Technology



m=rr?  HyperCP Apparatus

» Protons on target= (7-8) GHz
» Sec. beam inten. = (10-15) MHz
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mm=uwro’  Reconstructed Masses
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P and CP Violation in Hyperon Decay
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= d, HyperCP Measurement

A/A’s of known polarization can be produced through the decay of unpolarized Q /Q"s.

If the Q2 is produced unpolarized - which can simply be done by targeting at O degrees -
the A is found in a helicity state:

P = dab Px = 05PR
dN(p) _ No CP dN(p) _ Ny

= —|— it I _I_ _ 3
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If CP is good, the slopes of the proton and antiproton cos6 distributions are identical...



mm=uro?  Helicity frame minimizes biases

e The helicity frame axes
changes from event to event
since we always define the
polar axis to be the direc-
tion of the A momentum in
the = rest frame.

= Rest Frame %x = Rest Frame

e Acceptance differences lo-
calized in a particular part

of the apparatus do not -
dcos©

map into a particular part

of the proton (antiproton)

cos f distribution. | ! L

cos BAp
Important! Overall acceptance differences do not cause any biases.




m==wro?  Parity Violation in Q Decay

O~ — AK~™ A — pr~
e Although spin-3/2, Q= — AK™ decay goes
much like the other hyperon two-body decays:

a% — %(1 = OZQPQ COoS 9)
e Here:
2Re(P* D)
0 = o 2
| P2+ | D]
e A non-zero o indicates parity violation.
e All other hyperons have non-zero v parameters; Q:—%:Ri i I
only the 3 has resisted efforts to find an asym- ?2‘;}7\2‘ i I
metrical decay distribution. B ke | .
e HyperCP is measuring g using unpolarized — = —=An - ’
(1 ’s through the polarization given to the = onm |
) ) X —opn | ®
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A—nm .
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e Large data sample, little background. o
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e = CP Result

Weighting Technique:
PS185  E756 HyperCP

o ~10% total data sample 0.03
e selected from end of 1999 run - A, Azy  Agy
e 118.6 million =~
e 41.9 million =" 0.02 |
e 1o acceptance or efliciency corrections
- IR
Agy = [0.045.1(stat)+4.4(syst)] x 10~ 0.01 |- T E
g
Check with HMC Technique: g 0.00 ¢ 1
o ~ 5% of the total data sample s [
e prescaled selection of 1997 and 1999 < i
e 15 million =~ |
e 30 million =+ i
-0.02 |-
Agp = [—7E12(stat)£6.2(syst)| x 104 i
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e

First experimental evidence
for parity violation in Q decay!
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No CP violation found (yet)
In hyperon decay.



Positive vs. Negative

e Target length changed to equalize chan-

Spills

neled beam rates.
+ polarity: 2.0 cm Cu
— polarity: 6.0 cm Cu
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kept within ~2x10~4,
e This corresponds to a ~0.3 mm deflection

difference at 10 m for the lowest momentum
(~10 GeV/c pions).

et Entries: 58871
5000 F Mean: 2.4812
: RMS: 0.00065
4000 F
3000 E
2000 F
1000 £
0: VRN N rr A P I A IR A A
2.477 2.479 2.481 2.483 2.485 2.487
Analyzing Magnet Hall Probe Sum [T] (+)
2250 | : Entries: 23185
2000 F 10 e Mean: 2.4817
1750 E A/ RMS: 0.00066
1500 E 1R
1250 F 6,
3 7z / 7t
1000 F W
3 4/'/ :
o /%
= Az
E— 7 ;///
2585 A ||
2.477 2.479 2.481 2.483 2.485 2.487

Analyzing Magnet Hall Probe Sum [T] (-)



m==rr 7 Power of helicity frame analysis

= (—=2.5 mrad) vs =~ (42.5 mrad)

85000 |

OI

- =Z,-2.5mrad
o =,+2.5 mrad

Y = 80000
Sample 1

75000 |

proton beam

70000

65000 |

60000

55000 |-

i lageisnalpsaTwpilogelonelogn Tapglyg,
-1.0 -08 -06 -04 -02 O 0.2 04 06 08 10

cos(Op4)

e No statistically significant effect at the several times 1072 level, with no attempt of correc-
tion!
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